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Abstract 

Objective To determine the most effective and cost effective type of 
catheter for patients performing intermittent self catheterisation in the 
community. 

Design Systematic review and meta-analysis. Results were incorporated 
into a probabilistic Markov model to compare lifetime costs and quality 
adjusted life years (QALYs). 

Data sources We searched Medline, Embase, and Cochrane and Cinahl 
databases from 2002 to 18 April 201 1 to identify studies comparing 
hydrophilic, gel reservoir, and non-coated intermittent catheters. Earlier 
guidelines were used to identify papers published before 2002. To 
capture studies comparing clean and sterile non-coated intermittent self 
catheterisation, each database was searched from its date of inception 
to 18 April 2011. 

Main outcome measures Clinical outcomes included symptomatic 
urinary tract infection (UTI), bacteraemia, mortality, patient preference 
or comfort, and number of catheters used. The economic model included 
downstream complications of UTI and cost effectiveness was calculated 
as incremental cost per QALY gained. 

Results Eight studies were included in the systematic review. Most were 
conducted in patients with spinal cord injuries, and most of the included 
patients were men. People using gel reservoir and hydrophilic catheters 
were significantly less likely to report one or more UTIs compared with 
sterile non-coated catheters (absolute effect for gel reservoir = 1 49 fewer 
per 1000 (95% confidence interval -7 to 198), P=0.04; absolute effect 
for hydrophilic = 153 fewer per 1000 (-8 to 268), P=0.04). However, 
there was no difference between hydrophilic and sterile non-coated 



catheters when outcomes were measured as mean monthly UTIs (mean 
difference = 0.01 (-0.1 1 to 0.09), P=0.84) or total UTIs at 1 year (mean 
difference = 0.18 (-0.50 to 0.86), P=0.60). There was little difference in 
the incidence of one or more UTIs for people using clean versus sterile 
non-coated catheters (absolute effect = 1 2 fewer per 1 000 (-1 34 to 1 46), 
P=0.86). Although the most effective, gel reservoir catheters cost >£54 
350 per QALY gained and are therefore not cost effective compared 
with clean non-coated self catheterisation. 

Conclusion The type of catheter used for intermittent self catheterisation 
seems to make little difference to the risk of symptomatic UTI. Given 
large differences in resource use, clean non-coated catheters are most 
cost effective. However, because of limitations and gaps in the evidence 
base and the designation of non-coated catheters as single use devices, 
we recommend a precautionary principle should be adopted and that 
patients should be offered a choice between hydrophilic and gel reservoir 
catheters. 

Introduction 

Catheter associated urinary tract infection is the most common 
healthcare acquired infection in the world, accounting for 
20-45% of all nosocomial infections. 1 While most urinary tract 
infections (UTIs) are mild and easily resolved with appropriate 
antibiotic treatment, more severe infections can be devastating, 
resulting in bacteraemia, sepsis, and death. Due to the frequency 
with which they occur, they also impose a substantial economic 
burden on the NHS. 2 

The most important risk factor for the development of catheter 
associated UTI is the prolonged use of an indwelling catheter. 
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In the 1970s, intermittent self catheterisation was introduced as 
the preferred method of catheterisation for patients with urinary 
retention. 3 4 The most common indications for intermittent 
catheterisation are neurogenic bladder (caused by spinal cord 
injury, stroke, Parkinson' s disease, multiple sclerosis, or diabetic 
neuropathy, for example) and refractory bladder (caused by 
urethral obstruction due to infection, metastases, or congenital 
abnormalities), but it may also be indicated in people with 
prostatic enlargement or who have undergone procedures or are 
taking medication that affects the contractility of the detrusor 
muscle. Intermittent self catheterisation is meant to reduce 
catheter associated UTIs and promote greater independence 
among people who have bladder emptying problems. 
Nevertheless, UTI remains the most common and serious 
complication of intermittent self catheterisation. 5 

Several different catheter materials and methods are available 
for intermittent self catheterisation. Patients may use catheters 
with a hydrophilic polymer surface coating, packaged with water 
based lubricant (gel reservoir), or non-coated. Because of the 
nature of their coatings, hydrophilic and gel reservoir catheters 
must always be discarded after each use. Non-coated catheters 
may either be discarded after use or washed and re-used for up 
to one week; these two methods are commonly referred to as 
sterile non-coated catheterisation and clean non-coated 
catheterisation, respectively. Although clean non-coated 
catheterisation used to be the most common method of 
intermittent self catheterisation on both sides of the Atlantic, 6 
it has recently fallen out of favour in preference for hydrophilic 
and gel reservoir catheters. Which material and method 
constitute the best approach remains uncertain. 7 ' 10 The aim of 
this study was to determine the most clinically effective and 
cost effective approach for patients performing intermittent self 
catheterisation in the community. Our systematic review and 
economic analysis were conducted as part of the 2012 update 
of the National Institute for Health and Clinical Excellence 
(NICE) guideline Infection: Prevention and Control of 
Healthcare-associated Infections in Primary and Community 
Care." 

Methods 

Systematic review of clinical literature 

Search strategy 

A systematic literature search was conducted to identify all 
randomised controlled trials of intermittent self catheterisation 
in the published literature. Two separate searches were 
performed: one to identify studies comparing hydrophilic, gel 
reservoir, and non-coated catheters and the other to capture 
studies comparing clean and sterile non-coated intermittent self 
catheterisation. The first search was run in Medline (OVID), 
Embase (OVID), the Cochrane Library, and Cinahl (EBSCO) 
from 2002 to 18 April 201 1. The previous NICE guideline was 
used to identify papers published before 2002. The second search 
was not undertaken for the 2003 guideline and was therefore 
conducted from the date of inception for each database to 18 
April 20 1 1 . Details of the search strategy used for each database 
are available in appendix 1 on bmj.com as part of our 
supplementary information. 

Assessment of eligibility 

Only randomised controlled trials and randomised crossover 
trials of long term (>28 days) intermittent self catheterisation 
in community or primary care settings were included. Outcomes 
considered relevant for clinical decision making included 



symptomatic UTI, bacteraemia, mortality, patient preference or 
comfort, and the number of catheters used per day or week. The 
presence of blood in the urine and urine pH changes were also 
included. All laboratory studies, abstracts, posters, reviews, 
letters or editorials, foreign language publications, and 
unpublished studies were excluded. Asymptomatic bacteriuria 
was not included as an outcome because it has little clinical 
impact, and treatment is not recommended. 12 

Study selection and data extraction 

Potentially relevant studies were retrieved based on title and 
abstract sifting. Retrieved papers were reviewed to identify 
studies conducted in relevant populations that reported outcomes 
of interest (protocols are available in appendix 2 on bmj.com 
and in appendix E of the full NICE guideline 13 ). Studies were 
critically appraised by SH using the NICE Guideline Manual 
checklist for of risk of bias (selection, performance, attrition, 
and detection bias). 14 The results of studies meeting inclusion 
criteria were pooled according to outcome, and the quality of 
evidence for each outcome was evaluated using the GRADE 
(Grading of Recommendations Assessment, Development and 
Evaluation) system GRADEpro software developed by the 
GRADE working group. 15 In this system, the quality of evidence 
is assessed for each relevant outcome and is based on study 
design, limitations, and consistency and directness of the 
evidence, which informs the confidence the group has in the 
evidence presented. 

Data synthesis 

Where appropriate, meta-analyses were conducted to combine 
the results of studies using Review Manager (RevMan5) 
software." 1 Binary outcomes were pooled using a fixed effect 
(Mantel-Haenszel) model. Continuous outcomes were analysed 
using an inverse variance method for pooling weighted mean 
differences; where studies had different scales, standardised 
mean differences were used. Statistical heterogeneity was 
assessed by considering the x 2 test for significance at P<0.1 or 
an I 2 statistic of >50% to indicate significant heterogeneity. 
Assessments of potential differences in effect between subgroups 
were based on the x 2 tests for heterogeneity statistics between 
prespecified subgroups. 

Cost effectiveness analysis 

The results of the systematic review were incorporated into a 
probabilistic Markov model 17 to establish the most cost effective 
method of intermittent self catheterisation from the perspectives 
of the UK National Health Service and personal social services. 
Results were expressed in terms of costs, quality adjusted life 
years (QALYs), and incremental cost per QALY gained. All 
costs are reported in UK pounds for the years 2009-10. Both 
costs and QALYs were discounted at the standard annual rate 
of 3.5%. In the UK, an incremental cost effectiveness ratio of 
less than £20 000-30 000 is considered cost effective by policy 
makers. 14 A detailed description of the methods used to inform 
this analysis is available in appendix J of the full NICE 
guideline. 13 

Population and comparators 

There are multiple causes of bladder dysfunction which affect 
a heterogeneous population. Because most of the clinical 
effectiveness studies included in our analysis were conducted 
in people with neurogenic bladder due to spinal cord injury, this 
was the population considered in the base case of our model. 
The hypothetical cohort had an average age of 40 years and was 
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80% male; this is the average age at injury and sex ratio of 
people with spinal cord injury according to the US national 
spinal cord injury database' 8 and was similar to the population 
included in the clinical trials. Age dependant background 
mortality rates were calculated based on UK life tables" and a 
standardised mortality ratio of 5.41 for people with spinal cord 
injury who are aged 3 1 — 4 1 years at time of injury. 20 The model 
was run over the cohort's lifetime. 

The model was not designed to evaluate the cost effectiveness 
of different types of intermittent catheters in children. None of 
the clinical trials which reported UTI as an outcome was 
conducted in children, and there are no published quality of life 
values for children with UTI or UTI related complications. 21 In 
addition, symptomatic UTI in children and young people can 
cause progressive renal scarring which may lead to renal failure 
later in life. However, the most recent NICE guideline for UTI 
in children 22 concluded that it was not possible to estimate the 
true risk of renal failure as a result of childhood UTI. Therefore, 
economic modelling was not considered a valid option in this 
population. 

The comparators evaluated in our model included each of the 
five different materials and methods of intermittent self 
catheterisation included in the systematic review: hydrophilic 
coated catheters, gel reservoir coated catheters, sterile 
non-coated catheters discarded after each use, clean non-coated 
catheters changed once a day, and clean non-coated catheters 
changed once a week. Although clean non-coated self 
catheterisation is an established method of catheterisation in 
the community, non-coated catheters have been designated as 
single use items by the symbol on their packaging. There are 
also clinical factors which may influence whether clean 
non-coated self catheterisation is considered an option, such as 
a patient's ability to manipulate the catheter or undertake self 
catheterisation in settings such as the workplace or other 
communal spaces — where dignity, availability of facilities, or 
an increased risk of infection may be important considerations. 
In order to evaluate the optimal method of intermittent self 
catheterisation in situations where clean non-coated self 
catheterisation is not considered appropriate, the economic 
model was run over two scenarios: one for when clean 
non-coated self catheterisation is an alternative and one for when 
it is not. 

Model structure 

Figure 1 [I shows the key health states in the model and possible 
transitions between them during each one year cycle. The model 
was designed to capture the effect of treatment failure due to 
antibacterial resistant infection. Because of lack of available 
data about current and historical resistance rates, the complexity 
of forecasting antibiotic resistance trends over time and within 
populations, and a lack of examples on which to base 
methodological approaches, 21 the main simplifying assumption 
was that the probability of antibiotic resistance does not change 
over time. Different rates of resistance were explored in 
sensitivity analysis. The model did not include a transition from 
first line or multidrug resistant UTI to bacteraemia because it 
was assumed that the risk of developing symptomatic UTI 
reported in the literature represents the cumulative probability 
of bacteraemia as a result of all symptomatic UTIs. Therefore, 
this probability was only applied once within the model. All 
individuals within the model were exposed to a background rate 
of mortality from all causes. The arrows indicate states which 
are associated with an excess risk of mortality. 



Transition probabilities 

The baseline risk of symptomatic UTI was based on the rate of 
UTI in people using sterile non-coated catheters in the studies 
included in the systematic review. 23 " 27 The relative risk of one 
or more UTI identified in the systematic review was applied to 
the baseline risk of infection to calculate the annual probability 
of symptomatic UTI associated with each catheter. 

Although empirical treatment is effective in most cases, a small 
proportion of people will experience persistent symptomatic 
infection. The probability of clinical failure after treatment for 
symptomatic UTI was obtained from a study of people with 
spinal cord injury receiving a course of ciprofloxacin as first 
line treatment. 29 Among individuals with spinal cord injury, it 
is thought that repeated exposure to healthcare settings and 
antimicrobial agents increases the risk of infection with 
multidrug resistant organisms. The most common mechanism 
of resistance in organisms that cause UTI is the production of 
extended spectrum |3 lactamases, which inactivate certain 
antibiotics. Based on studies of the prevalence of multidrug 
resistant UTI in people with spinal cord injury, 30 31 we estimated 
that just less than half of people who fail treatment have a 
multidrug resistant UTI; the remainder were assumed to 
experience treatment failure due to infections resistant to first 
line antibiotics. The probability of bacteraemia as a result of 
catheter associated UTI was obtained from a systematic review 
and meta-analysis by Saint 2000. 32 Mortality associated with 
multidrug resistant UTI and with bacteraemia were calculated 
from studies by Klevens et al 20 08 33 and Montgomerie 201 1, 34 
respectively. Baseline transition probabilities are reported in 
table 1 JJ.. 

Long term studies have demonstrated that the incidence of 
urethral complications associated with intermittent self 
catheterisation tends to increase over time. 5 Although 
hydrophilic catheters are associated with a lower surface friction 
according to some cytological studies, 35 36 no comparative 
clinical trials have evaluated the impact of this effect on patient 
outcomes. A baseline probability of developing urethral 
complications was applied as a background rate to all health 
states. This figure was derived from an observational study of 
patients using intermittent self catheterisation over an average 
period of 9.5 years. 37 This value is at the upper end of estimates 
reported by other papers 5 and was chosen to represent the 
possibility of developing urethral complications of any type, 
whether they are strictures, false passages, urethritis, or any 
other complication that could result from urethral trauma. It 
was conservatively assumed that the risk of developing urethral 
complications did not differ between catheters. This relative 
risk was then varied using extreme values to test the sensitivity 
of the model to this assumption. 

Quality of life 

A systematic search of the literature was performed to identify 
studies reporting quality of life in people with UTI and with 
UTI associated bacteraemia. The methods and results of this 
review have been reported elsewhere. 21 Briefly, we identified 
two recent studies which measured the impact of UTI in people 
with spinal cord injury using a validated generic measure of 
health related quality of life. 38 " 4 " The authors of these studies 
were contacted for additional information. Although Haran and 
co-workers were unable to provide any further data, Vogel and 
colleagues granted us access to recent patient-level responses 
to the SF-12 health questionnaire collected as part of a 
longitudinal study of adults who sustained spinal cord injury as 
children and adolescents. 40 41 The responses were grouped 
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according to three categories: no UTI, UTI, and severe UTI 
requiring intravenous antibiotics or hospitalisation. The recall 
period for each group was one year. Using an algorithm 
developed by Gray et al, 42 the data were mapped to EQ-5D 
values of health status for the UK population. Table 2\\ shows 
the values for quality of life assigned to each health state. 

A recent Cochrane review of procedures for urethral narrowing 
did not find any quality of life data among patients treated for 
urethral strictures. 43 A search of the Tufts Cost Effectiveness 
Analysis Registry 44 also failed to identify any relevant utility 
weights. Given that urethral complications would probably 
result in substantial discomfort and stay in hospital, we assumed 
that the quality of life associated with this health state would 
be similar to that experienced by patients with multidrug 
resistant UTI. 

Costs 

A simple average of the cost of each type of intermittent catheter 
listed in the NHS Drug Tariff 45 was used as the point estimate, 
with the range informed by the most and least expensive unit 
cost for each type of catheter. The annual cost for patients using 
sterile catheters was based on an average of five catheters used 
per day. 46 For patients using clean non-coated catheterisation, 
the systematic review included two studies in which non-coated 
catheters were changed either daily 28 or weekly. 26 A threshold 
analysis of the number of catheters used per day was performed 
in sensitivity analysis. All people using non-coated catheters 
were assumed to use a sterile sachet of lubricant each time they 
performed self catheterisation. Based on expert opinion, it was 
assumed that 5% of patients use a lidocaine based lubricant 
while the remainder use one that is water based. Because 
lubricant is applied to the catheter each time it is used, patients 
with sterile and multiple use non-coated catheters were assumed 
to consume equal amounts of lubricant. A monthly prescription 
dispensing fee was added to the cost of catheters and lubricant. 
Table 3JJ shows the average cost of each catheter and lubricant, 
as well as the associated average annual cost for each method 
of intermittent self catheterisation. 

Treatment costs for catheter associated UTI were estimated 
from recommended treatment pathways for UTI in adults. 47 48 
Treatment of symptomatic UTI and UTI resistant to first line 
antibiotics was assumed to be managed in the community, 
whereas patients with multidrug resistant UTI, bacteraemia, or 
urethral complications were assumed to be treated in hospital. 
Costs incurred in the community were based on data from the 
2010 NHS Drug Tariff 45 and 2009-10 Personal and Social 
Services Research Unit. 49 The cost of secondary care was 
calculated according to 2009-10 NHS reference costs. 50 Table 
4JJ, provides a summary of the costs associated with treatment 
of each health state included the model. 

Uncertainty 

The model was built probabilistically using Monte Carlo 
simulation 51 to take account of uncertainty surrounding each 
input parameter. A probability distribution was defined for each 
parameter based on reported point estimates and standard errors. 
The model was run 10 000 times. This number was chosen to 
ensure that Monte Carlo error was below 5% of the standard 
error for both the incremental cost and incremental QALYs of 
each parameter compared with the baseline. Each time the model 
was run, values for each input parameter were randomly selected 
from their respective distributions. Mean costs and QALYs 
were calculated by averaging across all 10 000 simulations, 



resulting in an estimate of the long term outcomes for people 
using different methods for intermittent self catheterisation. 

Sensitivity analyses 

People with bladder dysfunction are a highly diverse group of 
individuals. A similar model exploring the cost effectiveness 
of intermittent catheterisation in patients with bladder 
dysfunction not due to spinal cord injury was developed as part 
of the sensitivity analysis. In the absence of other data, it was 
assumed that the relative risk of symptomatic UTI was the same 
as that observed in people with spinal cord injury, and several 
cohort probabilities were changed to reflect the probability of 
antibiotic resistance and mortality in a more diverse population. 
(See appendices of the full NICE guideline 13 for full details of 
the assumptions and parameters used to inform this analysis.) 
To test the robustness of the model, we also undertook one way 
and two way sensitivity analyses surrounding data and 
assumptions related to antimicrobial resistance, urethral 
complications, mortality, utility, resource use, and costs. 

Interpreting results 

The results of cost effectiveness analysis are presented as 
incremental cost effectiveness ratios (ICERs). ICERs are 
calculated by dividing the difference in costs associated with 
two alternative treatments by the difference in QALYs. Where 
more than two interventions are being compared, the ICER is 
calculated according to the following process: first, the 
interventions are ranked in terms of cost, from least to most 
expensive. If an intervention is more expensive and less effective 
than the preceding intervention, it is said to be "dominated" and 
is excluded from further analysis. ICERs are then calculated for 
each drug compared with the next most expensive 
non-dominated option by dividing the incremental cost by 
incremental QALY gain. If the ICER for a drug is higher than 
that of the next most effective strategy, then it is ruled out by 
"extended dominance." ICERs are recalculated excluding any 
drugs subject to dominance or extended dominance. When there 
are multiple comparators, the option with the greatest average 
net benefit may also be used to rank comparators. 

NICE'S report Social Value Judgements: Principles for the 
Development of NICE Guidance 52 sets out the principles that 
NICE guideline development groups should consider when 
judging whether an intervention offers good value for money. 
In general, an intervention is considered to be cost effective if 
either the intervention dominates other relevant strategies (that 
is, it is both less costly in terms of resource use and more 
clinically effective compared with all the other relevant 
alternative strategies) or the intervention costs less than £20 
000 per QALY gained compared with the next best strategy. 

Results 

Clinical effectiveness 

We identified 230 papers from the literature search, of which 
55 were ordered for full appraisal. Of these, 47 papers did not 
meet the inclusion criteria for this review question (22 
non-systematic reviews, 8 of inadequate study design, 7 hospital 
based or short term catheterisation, 8 comparing interventions 
not listed within the protocol, and 2 did not report any of the 
pre-specified outcomes). A total of eight studies were included 
in this review: five evaluated hydrophilic catheters compared 
with non-coated catheters, 24 25 53 55 one compared gel reservoir 
catheters with non-coated catheters, 27 and two compared clean 
non-coated catheterisation with sterile non-coated 
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catheterisation. 26 28 None of the studies included in the previous 
2003 guideline met the inclusion criteria. Diagrams of the 
literature search and selection process are available in appendix 
3 on bmj.com as part of the supplementary information. 

The non-coated catheters were discarded after each use in 
Cardenas et al 2009 24 ; they were cleaned and reused up to five 
times a day, with a new catheter used each day in Vapnek et al 
2003 55 and Pachler et al 1999. 53 The studies by Giantonni et al 
2001, 27 Sutherland et al 1996, 54 and De Ridder et al 2005 25 did 
not provide details about the method of catheterisation, and we 
contacted the authors of these studies for clarification. De Ridder 
replied that the catheters used in the study were sterile. No reply 
was obtained from Giantonni or Sutherland; it was assumed 
that these studies also used sterile non-coated catheterisation. 
In the two studies comparing clean non-coated catheterisation 
with sterile non-coated catheterisation, patients in the clean arm 
replaced their catheters either weekly 26 or daily. 28 

Most of the studies were conducted in patients with spinal cord 
injuries, and most of the patients included in these studies were 
men. None of the included studies reported bacteraemia or 
mortality. Table 5il summarises the patient characteristics and 
outcomes for each study. 

Symptomatic UTI 

According to the results of the included studies, there was no 
difference in the mean monthly number of UTIs (mean 
difference -0.01 (95% confidence interval -0.11 to 0.09), 
P=0.84), 55 total number of UTIs at one year (mean difference 
0.18 (-0.50 to 0.86), P=0.60), 24 or total antibiotic treatment 
episodes at one year (mean difference -0.88 (-1.58 to -0.18) 
P=0.01) 24 for people using hydrophilic coated catheters 
compared with those using non-coated catheters. These 
outcomes were of moderate quality according to GRADE 
criteria. 

People using gel reservoir and hydrophilic catheters were 
significantly less likely to report one or more UTIs compared 
with those using sterile non-coated catheters (fig 2JJ.). However, 
the confidence intervals for these values were wide and 
overlapping. There was no significant difference in the incidence 
of symptomatic UTI for people using clean versus sterile 
non-coated catheters for long term intermittent self 
catheterisation. 

Patient preference 

In the study by de Ridder et al 20 05 25 a slightly greater 
proportion of patients or carers using hydrophilic catheters 
reported that they were very satisfied compared with patients 
and helpers using sterile non-coated catheters at six months 
(risk ratio 1.79 (95% confidence interval 0.70 to 4.59), P=0.23) 
and 12 months (risk ratio 1.38 (0.55 to 3.45), P=0.49). 

Using a visual analogue scale (0 = most favourable, 10 = least 
favourable), the study by Sutherland 1996 54 asked patients and 
their carers to complete a questionnaire at initial follow-up and 
final follow-up at eight weeks. The questions included 
convenience of performing clean non-coated self catheterisation, 
ease of handling the catheter, comfort of insertion, and overall 
opinion. A significant difference favouring the hydrophilic 
catheter was reported for convenience (mean difference -1.60 
(-3.48 to 0.28), P=0.09) and comfort of insertion (mean 
difference -1.50 (-3.21 to 0.21), P=0.09), but there was little 
difference with respect to handling (mean difference 0.00 (- 1 .8 1 
to 1.81), P=1.00) and general opinion of the catheter (mean 
difference -0.60 (-2.36 to 1.16), P=0.50). 



Pachler et al 1999 53 reported that fewer patients using 
hydrophilic catheters had problems introducing the catheter 
(risk ratio 0.50 (0.05 to 5.24), P=0.56), but a greater number 
reported a burning sensation (risk ratio 2.00(0.19 to 20.97), 
P=0.56) and pain (risk ratio 1.50 (0.27 to 8.38), P=0.64) when 
introducing the catheter. An equal number reported a burning 
sensation or pain after catheter removal (risk ratio 1 .00 (0. 15 to 
6.67), P=1.00). None of the results was statistically significant. 

Giannantoini et al 200 1 27 also measured patient satisfaction 
associated with gel reservoir catheters using a visual analogue 
scale. The areas included in this measure were learning, 
inserting, extracting, comfort, and handling ease. Overall, use 
of gel reservoir catheters was associated with significantly 
greater patient satisfaction compared with use of non-coated 
catheters (mean difference in total score 2.39 (1.29 to 3.49), 
P=0.0001). 

Neither of the studies comparing multiple use of non-coated 
catheters with single use of sterile non-coated catheters included 
a measure of patient preference or comfort. 

Number of catheters used per day or week 

One study reported frequency of catheterisation. Duffy et al 
1995 26 reported that people using multiple use non-coated 
catheters catheterised an average of three times per day, while 
those using sterile (single use) non-coated catheters catheterised 
2.8 times per day (mean difference 0.20 (-0.28 to 0.68), 
P=0.42). 

Cost effectiveness 

The results of the cost effectiveness analysis indicate that, over 
a lifetime, gel reservoir catheters are £28 369 more costly and 
result in an average gain of 0.522 QALYs per patient compared 
with clean non-coated catheters. This yields an ICER of £54 
350 per QALY gained, which exceeds the £20 000 to £30 000 
threshold considered cost effective by UK policy makers. 
According to the results of the model, hydrophilic catheters are 
less effective than gel reservoir and their cost per QALY gained 
compared with clean non-coated catheters (changed once 
weekly) is higher. They are therefore deemed not cost effective 
because of extended dominance. Clean non-coated catheters are 
the next most effective method of catheterisation and are the 
most cost effective method of intermittent self catheterisation 
in 89.2% of model iterations. Compared with clean non-coated 
catheters changed once weekly, clean non-coated catheters 
changed once daily and sterile non-coated catheters changed 
once per use are less effective and more expensive; they are 
therefore not cost effective due to dominance. 

If clean non-coated catheters are not considered a viable option 
for intermittent self catheterisation, gel reservoir catheters are 
the most cost effective. Compared with hydrophilic catheters, 
they cost an extra £1373 and result in a gain of 0.446 QALYs, 
giving an ICER of £3075 per QALY gained. Compared with 
hydrophilic catheters, gel reservoir catheters are cost effective 
in 84.6% of model iterations. The results of the cost 
effectiveness analysis are presented in fig 3 :; and table 6 LI. 

Scenario and sensitivity analyses 

Urethral complications 

When the relative risk of urethral complications associated with 
each type of coated catheter is reduced to zero and the cost of 
complications is doubled (that is, hydrophilic catheters prevent 
100% of urethral complications and those that occur with the 
use of other catheter types are twice as expensive as assumed 
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in the base case), the conclusion of the analysis is unchanged. 
This is true regardless of whether multiple use non-coated 
catheters are considered an option. 

Antimicrobial resistance 

The conclusions of the model were robust to simultaneously 
varying the probability of the risk of treatment failure and 
multidrug resistant UTI to the upper limit of each input's 95% 
confidence interval. This shows that, given current 
understanding of the scope of antibiotic resistance, multiple use 
non-coated catheters are the most cost effective option for 
intermittent self catheterisation. 

Baseline risk of UTI 

Clean non-coated catheterisation (one per week) remained the 
most cost effective strategy when the baseline risk of UTI was 
varied in threshold analysis between 1.4 and 3.0 (annual 
probability of 68% to 95%). 

Number of non-coated catheters used 

The number of clean non-coated catheters used per year was 
varied between an average of 60 per year (average 5 per month) 
and 1825 per year (average 5 per day) in a threshold analysis. 
Assuming the same relative effectiveness as reported by Duffy 
1995, 26 clean non-coated catheterisation ceases to be the most 
cost effective option when an average of 738 non-coated 
catheters is used per year (equivalent to about 62 catheters per 
month or 2 per day assuming consistent use). 

Intermittent self catheterisation in patients with 
bladder dysfunction not due to spinal cord injury 

A separate set of probabilities and utilities was collected in order 
to run a scenario analysis for patients with bladder dysfunction 
that is not caused by spinal cord injury. Assuming that each 
type of catheter exhibits the same relative efficacy in this 
population, the conclusion of this scenario analysis is the same 
as that for patients with spinal cord injury: clean non-coated 
catheterisation is the most cost effective method of intermittent 
self catheterisation (gel reservoir catheters are associated with 
a cost of £149 559 per QALY gained); when clean non-coated 
catheterisation is not an option, gel reservoir catheters represent 
the most cost effective alternative. In both cases, sterile 
non-coated catheterisation is excluded from the analysis by 
dominance and hydrophilic catheters by extended dominance. 
However, the usefulness of this analysis is limited because the 
data used to inform estimates of clinical effectiveness was 
conducted primarily in men with spinal cord injury. 

Discussion 

The results of our systematic review show that use of different 
types of catheter for intermittent self catheterisation is associated 
with slightly different rates of symptomatic UTI. Although some 
of these differences are statistically significant, all are associated 
with wide and overlapping confidence intervals, conferring 
uncertainty as to whether the effects are of clinical significance. 
Our cost utility model was constructed to take this uncertainty 
into account. The results of the model show that, although gel 
reservoir catheters are the most effective type for intermittent 
self catheterisation, they are associated with a cost of over £50 
000 per QALY. Therefore, they are not considered cost effective 
in an NHS context. 14 At a cost effectiveness threshold of £20 
000-30 000 per QALY, clean non-coated catheterisation is the 
most cost effective method of intermittent self catheterisation 



in 100% of model simulations. If clean non-coated catheters are 
not considered a relevant option, gel reservoir catheters are 
slightly more effective than hydrophilic with a small additional 
cost and an incremental cost effectiveness ratio of about £3000 
per QALY. 

Strengths and limitations of study 

This conclusion was robust to a wide range of sensitivity 
analyses, including an increased probability of urethral 
complications that may be associated with the use of non-coated 
catheters. This is largely due to the magnitude of difference in 
resource use between sterile and clean methods of 
catheterisation. If the number of non-coated catheters used is 
varied in one-way sensitivity analysis, clean non-coated catheters 
cease to be the most cost effective choice when patients use an 
average of more than two per day. Compliance and behaviour 
are therefore important factors for healthcare workers to consider 
when prescribing an intermittent self catheterisation regimen. 
This analysis did not take into account the dynamic and 
extremely complex nature of antimicrobial resistance. Although 
the NICE guideline development group sought to use the most 
current, relevant estimates to inform this analysis, data about 
the prevalence of and mortality associated with antibiotic 
resistant UTI is limited, and it is impossible to predict the future 
of this phenomenon. If the prevalence and clinical and economic 
impacts of antimicrobial resistance increase beyond the extreme 
values used in this model, then the cost effectiveness of clean 
intermittent catheterisation in this population may have to be 
revisited. 

As in most cost utility analyses, the current model assumes that 
an individual's quality of life is dependent on the health outcome 
achieved as a consequence of each intervention rather than 
factors related to the healthcare process itself. Where preferences 
have implications for costs and outcomes, it is important that 
cost effectiveness models incorporate this in their structure (such 
as by allowing for different compliance rates) and parameter 
values. However, it is difficult to find data to inform such 
estimates. The systematic review revealed that studies which 
reported a measure of patient preference or comfort used visual 
analogue scales and dichotomous questions that addressed 
slightly different outcomes. Therefore, although there was a 
significant preference for gel reservoir compared with 
non-coated catheters and conflicting results for hydrophilic 
catheters compared with non-coated, what this means in practice 
is unclear. 

Implications of results 

Individual patients may find one type of catheter more 
comfortable or easier to use than another and therefore derive 
a benefit that is not captured in the model. 56 Currently, there is 
no consensus over the appropriate method to incorporate 
individual patient preference for a particular treatment that is 
not reflected in decisions made at the population level within 
the standard cost effectiveness approach. It has been suggested 
that one way to incorporate individual patient preference would 
be to adopt a two part decision process which gives the patient 
the choice of the most cost effective treatment plus all cheaper 
options. 57 In other words, if patients have a strong preference 
for hydrophilic over gel reservoir catheters, an argument could 
be made for allowing them to choose this less costly option. It 
is important to note that under this rule patients would not be 
given a choice of therapies that are more costly than the most 
cost effective treatment, 57 which do not represent value to users 
of the NHS as a whole. 52 Therefore, this line of reasoning cannot 
be extended to patients who are able to use clean (multiple use) 
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non-coated catheters but prefer not to, nor to patients who prefer 
sterile non-coated catheters to gel reservoir or hydrophilic 
catheters. 

After consultation with registered guideline stakeholders 
(including manufacturers, NHS trusts, and patient groups), the 
guideline development group revisited the recommendation in 
light of issues raised regarding implementation and quality of 
the evidence base. There was concern that the designation of 
non-coated catheters as single use items would make clinicians 
liable for catheter associated infections caused by intermittent 
self catheterisation if they recommended clean non-coated 
catheterisation. There was also concern that advising patients 
to disregard the single use symbol on this device would lead to 
confusion and safety issues in other areas of care and that 
evidence as to the optimal method of cleaning non-coated 
catheters had not been included in our searches and was likely 
lacking from the evidence base. In addition, reusing a device 
labelled as single use may be considered similar to making an 
off-label recommendation, where robust clinical evidence is 
required. Given inadequate blinding, allocation concealment, 
and small sample size, the evidence on which this 
recommendation was based was considered to be of low to very 
low quality. Based on these concerns, the recommendation was 
amended before publication of the guideline. The 
recommendation states that patients should be given a choice 
between hydrophilic and gel reservoir catheters. For a 
comprehensive discussion of the considerations guiding this 
recommendation please see section 10.5.1 .5 of the full guideline 
(http://guidance.nice.org.uk/CG139/Guidance/pdf/English)." 

Currently, the uncertainty surrounding this question represents 
a potentially large opportunity cost for patients within the NHS. 
As a result of the issues raised by this systematic review and 
cost effectiveness model, this question has been identified as a 
priority for further research arising from the 2012 NICE 
infection prevention and control guideline." Ideally, a four or 
five arm randomised control trial is required to compare the 
relative effectiveness of each method of intermittent self 
catheterisation. The trial population should include a diverse 
population of people who regularly self catheterise, including 
wheelchair users, and the study should be of at least one year's 
duration. Primary outcome measures ought to include the 
incidence of symptomatic UTI and full spectrum of UTI 
associated complications (including bacteraemia, pylonephritis, 
and antibiotic resistant infection), mortality, patient comfort 
and preference, quality of life, clinical symptoms of urethral 
damage, and costs. High quality research into this area is 
urgently needed in order to ensure patients across the NHS are 
treated with high quality, cost effective care. 
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Tables 



Table 1 1 Baseline probabilities* of transition to key health states among individuals with spinal cord injury undertaking intermittent self 
catheterisation 


Transition to health state (based on fig 1) 


Mean (95% CI) probability of transition annually 

(%) 


Data source 


1 . Symptomatic UTI 


67.7 (60.9 to 74.2) 


Cardenas 2009, 24 De Ridder 2005, 25 Duffy 1995, 26 
Giannantoni 2001, 27 King 1992 28 


2. UTI resistant to first line antibiotic 


8.3 (0.0 to 23.2) 


Dow 2004, 2S Waites 2000, 30 Mylotte 20 00 31 


3. Multidrug resistant UTI 


7.0 (5.1 to 9.2) 


Dow 2004, 29 Waites 2000, 30 Mylotte 20 00 31 


4. UTI associated bacteraemia 


3.6 (3.4 to 3.8) 


Saint 20 00 32 


5 Mortality due to multidrug resistant UTI 


2.6 (1.3 to 5.1) 


Klevens 2008 33 


6. Mortality due to UTI associated bacteraemia 


7.7 (2.9 to 19.2) 


Montgomerie 2011 34 


7. Urethral complications 


2.4 (0.9 to 6.2) 


Perrouin-Verbe 1995 37 


UTI=urinary tract infection. 

'Baseline probabilities based on using sterile non-coated catheters for intermittent self catheterisation. 
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| Measures quality of life on EQ-5D instrument associated with key health states among individuals with spinal cord injury undertaking 
intermittent self catheterisation 



Health state Mean value (95% CI) 


Data source 


No symptomatic UTI 0.831 (0.809 to 0.852) 


Vogel 2002, 40 Zebracki 201 0 41 


Symptomatic UTI 0.782 (0.764 to 0.799) 


Vogel 2002," Zebracki 2010" 


UTI resistant to first line antibiotics 0.760 (0.685 to 0.834) 


Expert opinion 


Multidrug resistant UTI 0.738 (0.688 to 0.787) 


Vogel 2002, 40 Zebracki 201 0 41 


Catheter associated bacteraemia 0.716 (0.645 to 0.786) 


Expert opinion 


Urethral complications 0.738 (0.688 to 0.787) Assumed to be equal to that of multidrug resistant UTI 


UTI=urinary tract infection. 
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Table 3| Costs associated with each method of intermittent self catheterisation* 


Mean (range) values 


Costs of items (£) 


Hydrophilic catheter (each) 


1 .28 (0.97-1 .66) 


Gel reservoir catheter (each) 


1 .36 (0.98-1 .43) 


Non-coated catheter (each) 


1.19 (0.39-1.47) 


Lubricant for non-coated catheters (per sterile sachet)t 


0.24 (0.21-0.26) 


Dispensing fee (per month)}: 


1.96 (1.87-2.11) 


Number of items used per year 


Sterile catheters 


1825 (1460-2190) 


Clean non-coated catheters (using one per day) 


365 (292-438) 


Clean non-coated catheters (using one per week) 


60 (48-72) 


Sachets of lubricantf 


1825 (1460-2190) 


Associated annual cost of each method of catheterisation (£) 


Hydrophilic catheter 


2339 (1657-3161) 


Gel reservoir catheter 


2482 (1926-3127) 


Sterile non-coated catheter (one per use) 


4343 (3109-5826) 


Clean non-coated catheter (one per day) 


864 (710-1039) 


Clean non-coated catheter (one per week) 


502 (411-606) 


*Costs of items and numbers of clean non-coated catheters used annually derived from NHS Drug Tariff 201 0, 45 numbers of sterile catheters used annually derived 
from Woodbury 2008." 

tAssuming that 95% of people use water based lubricant at mean cost £0.1 9 (range £0.18-0.19) per 5 g sachet and 5% use lidocaine containing lubricant at mean 
cost £1 .20 (£1 .87-1 .44) per 8.5 g sachet, 45 and that lubricant is used for each catheterisation. 

tfi, dispensing fee was added to the cost of each month's worth of catheters and lubricant. Because gel reservoir and hydrophilic catheters do not require lubricant, 
the total monthly dispensing fee for these catheters was half that for non-coated catheters. 
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Table | Cost of treating catheter associated urinary tract infection (UTI) 


Health state and cost items 


Mean (range) cost (£) 


Data sources 


Symptomatic UTI 


Healthcare consultation* 


29.62 (25.17-34.58) 


PSSRU 201 0, 49 NHS reference costs 201 1 50 


Dipstick analysis 


0.07 (0.06-0.08) 


NHS Drug Tariff 201 0 45 


First line antibiotic treatmentt 


2.00 (0.75-4.05) 


NHS Drug Tariff 201 0 45 


Dispensing fee 


1.96 (1.87-2.11) 


NHS Drug Tariff 201 0 45 


Additional catheters 


Varies depending on catheter 


NHS Drug Tariff 201 0 45 


Infection resistant to first line antibiotics 


Healthcare consultation* 


29.62 (25.17-34.58) 


PSSRU 2010, 49 NHS reference costs 201 1 5 ° 


Urine analysis 


7.00 (5.00-9.00) 


NHS reference costs 201 1 50 


Second line antibiotic treatment^ 


13.48 (2.33-50.40) 


NHS Drug Tariff 201 0 45 


Dispensing fee 


1.96 (1.87-2.11) 


NHS Drug Tariff 201 0 45 


Additional catheters 


Varies depending on catheter 


NHS Drug Tariff 201 0 45 


Multidrug resistant UTI 


Healthcare consultation* 


29.62 (25.17-34.58) 


PSSRU 201 0, 49 NHS reference costs 201 1 50 


Urine analysis 


7.00 (5.00-9.00) 


NHS reference costs 201 1 5 ° 


Non-elective inpatient admission (HRG episodes LA04E 
and l_A04F)§ 


2123 (1394-3057) 


NHS reference costs 201 1 5 ° 


Bacteraemia 


Healthcare consultation* 


29.62 (25.17-34.58) 


PSSRU 201 0, 49 NHS reference costs 201 1 50 


Urine analysis 


7.00 (5.00-9.00) 


NHS reference costs 201 1 50 


Blood test 


7.00 (5.00-9.00) 


NHS reference costs 201 1 50 


Non-elective inpatient admission (HRG episode 
l_A04D)fl 


3155 (1798-4897) 


NHS reference costs 201 1 5 ° 


Urethral complications 


Urethral procedure" 


1268 (908-1399) 


NHS reference costs 201 1 5 ° 


Associated cost of treating each type of catheter associated UTI 


Symptomatic UTI 


49 (44-55) 




First-line antibiotic resistant UTI 


68 (52-96) 




Multidrug resistant UTI 


2160 (1430-3095) 




Bacteraemia 


3191 (1834-4934) 




Urethral complications 


1267 (745-1919) 





UTI = urinary tract infection. PSSRU = Personal Social Services Research Unit. HRG = Healthcare Resource Group. 

'Assuming that the healthcare provider usually consulted was a GP (in 80% of cases), followed by community nurse specialist (1 0%) and hospital emergency 
department (10%). Costs of GP and community nurse consultations obtained from PSSRU 49 and cost of emergency care from NHS reference costs. 50 
tin England and Wales first line treatment for symptomatic UTI typically includes the antibiotics trimethoprim (200 mg twice daily for 5 days), nitrofurantoin (50 mg 
4 times daily for 5 days), cefalexin (500 mg twice daily for 5 days), and pivmecillinam (200 mg 3 times daily for 3 days), with prescribing varied between regions 
and practices. The point estimate was calculated as a simple mean of the cost of a course of each drug as listed by NHS Drug Tariff, 45 with the upper and lower 
range informed by the most and least expensive treatment options. 

t-Cost of second line antibiotics was calculated as a simple mean of the cost of a course of each drug as listed in the NHS Drug Tariff, 45 with the upper and lower 
range informed by the most and least expensive treatment options: ciprofloxacin (250 mg 3 times daily for 7 days); cefaclor (250 mg 3 times daily for 7 days); 
cefixime (200 mg once daily for 7 days); norfloxacin (400 mg twice daily for 7 days); ofloxacin (400 mg once daily for 7 days); pivmecillinam (400 mg 4 times daily 
for 7 days). 

§Patients with multidrug resistant UTI are usually admitted to hospital for intravenous drug therapy. The cost of treatment was calculated as a weighted average 
reference cost for kidney infection or UTI with intermediate complications (HRG episode LA04E) or without complications (HRG episode LA04F). Costs included 
excess bed days and were weighted according to reported activity with 73% of total cost attributed to LA04E. 

HThe cost of treatment for UTI associated bacteraemia was assumed to be equal to the non-elective reference cost for kidney infection or UTI with major complications 
(HRG episode LA04D). In the UK, bacteraemia caused by resistant organisms does not seem to have a substantial impact on length of hospital stay compared 
with bacteraemia caused by susceptible organisms. 

"The cost of treating a urethral complication was estimated based on the NHS reference costs 5 °of urethral disorders and intermediate or minor procedures without 
complications (HRG episode LB30B). 
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Table 5| Characteristics of the eight studies included in the systematic review of intermittent self catheterisation 


Study 


Trial design and population 


No of patients 


Mean age 
(years) 


% male 


Follow-up period 


Outcomes reported 


Hydrophilic catheters v sterile non-coated catheters (one per use) 


Vapnek 2003 55 


RCT of men with neurogenic bladders 


62 


40 


100% 


1 year 


Mean monthly UTI 


Cardenas 20 09 24 


RCT of patients with spinal cord injury 


56 


41 


52% 


1 year 


Patients with >1 UTI. Total 
UTIs at 1 year 


De Ridder 20 05 25 


RCT of men with spinal cord injury 
presenting with neurogenic bladder and 
sphincter disorders 


123 


37 


100% 


1 year 


Patients with >1 UTI. Patient 
or carer satisfaction 


Sutherland 1996 54 


RCT of men with neurogenic bladder due 
to spinal cord injury, Hinman syndrome, 
or spinal dysraphism 


33 


12 


100% 


8 weeks 


Patient or carer satisfaction 


Pachler 1999 53 


RCoT of men with urinary retention 
caused by prostatic enlargement 


43 


71 


100% 


3 weeks in each arm 


Problems, burning, and pain 
at introduction and removal of 
catheter 


Gel reservoir catheters v sterile non-coated catheters (one per use) 


Giannantoni 2001 " 


RCoT of patients with neurogenic 
bladder due to recent spinal cord injury 


18 


38 


89% 


7 weeks in each arm 


Patients with >1 UTI. Patient 
comfort 


Clean non-coated catheters (one per day) v sterile non-coated catheters (one per use) 


King 1992 28 


RCT of people with spinal cord injury in 

inpatient rehabilitation programmes 
requiring intermittent self catheterisation 


46 


29 


87% 


28 days or until 
infection 


Patients with >1 UTI 


Clean non coated catheters (one per week) v sterile non-coated catheters (one per use) 


Duffy 1995 26 


RCT of male residents of long term care 
homes requiring intermittent self 
catheterisation 


80 


72 


100% 


Mean 64 days (range 
15-107) 


Patients with >1 UTI. No of 
catheterisations per day 


RCT = randomised controlled trial. RCoT = randomised crossover trial. UTI = 


urinary tract infection. 







No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe 



S/WJ2013;346:e8639doi: 10.1136/bmj.e8639 (Published 9 January 2013) Page 14 of 16 



RESEARCH 



Table | Results of base case analysis (probabilistic) of comparative costs, health gains, and cost effectiveness of different catheters and 
methods for performing intermittent self catheterisation in the community 





Total values 


Incremental values 


Including clean non-coated catheters 


Excluding clean non-coated catheters 












Incremental 
net benefit 

(£) 


Probability cost effective 

(%) 


Incremental 
net benefit 

(£) 


Probability cost effective 

(%) 


Catheter 


Cost (£) 


QALYs 


Cost 

(£)* 


QALYs* 


At £20 000 
threshold 


At £30 000 
threshold 


At £20 000 
threshold 


At £30 000 
threshold 


Clean 
non-coated 
(one per 
week) 


11 879 


1 1 .928 


Baseline 


Baseline 


Baseline 


89.2 


79.9 








Clean 
non-coated 
(one per day) 


17 741 


11.780 


5862 


-0.148 


-8820 


10.6 


14.9 








Hydrophilic 


38 875 


12.003 


26 997 


0.076 


-16 665 


0 


0 


Baseline 


14.7 


8.9 


Gel reservoir 


40 248 


12.450 


28 369 


0.522 


7556 


0.2 


5.6 


7556 


84.6 


90.8 


Sterile 
non-coated 
(one per use) 


43 594 


1 1 .880 


31 715 


-0.048 


-14 747 


0 


0 


-14 747 


0.7 


0.4 



QALYs = quality adjusted life years. 

•Incremental costs and QALYs are calculated compared with the lowest cost option (clean non-coated catheters used once per week when multiple use of catheters 
is permitted; hydrophilic catheters when multiple use is not permitted). 
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Definitions: 

Symptomatic UTI = one or more symptom suggestive of UTI or self reported UTI 
requiring treatment, or both 

UTI resistant to First line antibiotics = patients with symptomatic relapse who 
require further antibiotic treatment within 28 days of the initial prescription 

Multidrug resistant UTI = resistance to two or more classes of antimicrobial 
agents 

Catheter associated bacteraemia = presence of symptomatic UTI and the same 
organism to be isolated from the blood stream as in the urinary tract. 

Death = Individuals in the model were exposed to a background rate of all 
cause mortality for people with spinal cord injury. The transitions to death 
indicate the states that are associated with a risk of mortality that is greater 
than the background risk of death 

R = residual probability (that is, l-(sum of all other transition probabilities 
from that health state)) 



Fig 1 Schematic diagram of Markov model structure. The costs and consequences of catheter associated urinary tract 
infection (UTI) were modelled as movements between six health states of a Markov transition model 



Events (>1 UTI) 



Study 



Hydrophilic 
catheter 



Control* Risk ratio (95% CI) Risk ratio (95% CI) Quality 



Cardenas 2 0 0 9 24 1 2/22 14/23 
De Ridder 20 0 9 25 3 9/6 1 51/62 
Total 

Test for heterogeneity: x 2 =0.27, df=l, P=0.61 
Overall effect: P=0.04 

Control* 



■ 

i 



12/54 



0.90 (0.54 to 1.48) 
0.78 (0.62 to 0.97) 
0.80 (0.65 to 0.99) 



Low 



0.33 (0.11 to 0.97) 
0.33 (0.11 to 0.97) 



Very low 



1.67 (0.45 to 6.17) 
1.67 (0.45 to 6.17) 



Moderate 



Gel reservoir 
catheter 

Giannantoni 2001" 4/54 

Total 

Test for heterogeneity: Not applicable 
Overall effect: P=0.04 

Non-coated catheter Control* 
(one per day) 

Kingl992 28 5/23 3/23 

Total 

Test for heterogeneity: Not applicable 
Overall effect: P=0.44 

Non-coated catheter Control* 
(one per week) 

Duffy 199 5 26 2 9/3 8 3 5/42 

Total 

Test for heterogeneity: Not applicable 
Overall effect: P=0.44 

* Control = sterile non-coated catheter (one per use) 

Fig 2 Relative risks of adverse events (>1 urinary tract infection (UTI)) with different catheters and methods for performing 
intermittent self catheterisation in the community 
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Fig 3 Results of base case analysis (probabilistic) of relative cost effectiveness of different catheters and methods for 
performing intermittent self catheterisation in the community. Costs and quality adjusted life years (QALYs) are means per 
person over a lifetime horizon. The dotted line represents the cost effectiveness frontier; the incremental cost effectiveness 
ratio (ICER) presented is for gel reservoir catheters compared with the least costly strategy in each scenario 
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